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a b s t r a c t

In this paper, we explore how efforts to frame the socio-environmental problem of glyphosate resistant
weedsd superweedsdat particular scales shape calls for certain governance strategies and regulatory
responses. We use a political agronomy approach and the politics of scale literature to understand the
linkages and relationships between socio-political and economic forces and the problem of glyphosate
resistant weeds. We draw on in-depth interview data with representatives from farm groups, consumer
and environmental advocacy organizations, agriculture and biotech companies, government regulatory
agencies, and agricultural extension agents, together with a content analysis of websites of GE supporters
and opponents. Together these data are used to explore how the problem of superweeds is being framed
by proponents and opponents of GE crops, and among agricultural scientists, advocacy organizations and
business. We conclude that when environmental problems associated with pesticide resistance are
‘scaled up’ to incorporate more systemic agricultural issues and are linked with broader socio-economic
and political issues that impact a larger public, there are greater possibilities for pushing for government
intervention and regulation to address environmental burdens and externalities.

Published by Elsevier Ltd.

1. Introduction

The problem of ‘superweeds’d weeds that have developed
resistance to the herbicide glyphosated has emerged as a critical
new front in debates concerning the sustainability and governance
of genetically engineered (GE)1 crops and commodity agriculture.
Commonly known by its trade name Roundup, glyphosate was
commercialized by Monsanto in 1974 and became the primary

weed management tactic among farmers with the release of
glyphosate-resistant, GE (Roundup Ready) soybeans, corn, and
cotton in 1996.2 Glyphosate resistant weeds nowaffect hundreds of
millions of acres of farmland in the US as well as in other countries
that have adopted GE crops, such as Argentina and Brazil. By 2014,
glyphosate resistance had cost US farmers around $1 billion in lost
crops (Koba, 2014). Proponents of GE crops had been able to
maintain support by arguing that GE crops are good for the envi-
ronment because they promote soil conservation and good for the
farmers that grow them. Both arguments are now being challenged
with the spread of glyphosate resistant weeds. In addition,
following the classification of glyphosate as ‘probably carcinogenic’
to humans in 2015 by the International Agency for Research on
Cancer (IARC), the use of this herbicide has become increasingly
controversial and has led to environmental and consumer health
campaigns (Bonny, 2016).

In response to glyphosate resistance, farmers are applying
more herbicides including those that are more toxic than
glyphosate, and using less environmentally benign on-farm
practices, such as tillage (Benbrook, 2012). Biotech companies,
such as Dow AgroSciences and Monsanto, are commercializing
new crops engineered to tolerate 2,4-D and dicamba, older
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1 GE plants are those where recombinant DNA (rDNA) technology has been used

to insert a gene from any species that has a desirable trait, such as resistance to a
specific virus, or herbicide or insect tolerance. This desired trait is then expressed in
the genetically engineered plant.

2 Roundup and glyphosate are often used synonymously since glyphosate is the
active ingredient in Roundup. However, it is important to note that Roundup also
includes adjuvants, which are chemicals added to improve the performance of the
active ingredient, in this case, glyphosate. Adjuvants are not regulated by the EPA
and concerns have been raised about their role in increasing Roundup's toxicity (see
Bonn, 2005; Cox and Surgan, 2006). This debate may become more pertinent as
industry efforts to develop adjuvants to address glyphosate resistance increase (see
Johnson et al., 2015).
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herbicides that are considered more toxic to human health and
the environment than glyphosate. Glyphosate resistance then
poses significant social and environmental concerns regarding
the health, wellbeing and sustainability of our agrifood system
and natural environment.

Social scientists have begun to examine the social significance of
these issues, although much of the research has focused on farmer
perceptions and attitudes about herbicide resistance in GE agri-
culture (Binimelis et al., 2009, Dentzman et al., 2016; Fischer et al.,
2015; Erwin and Jussaume, 2014; Bonny, 2016). Our paper con-
tributes to this emerging literature by employing a political
agronomy approach (Sumberg et al., 2014) to examine the re-
lationships between socio-political and economic forces and the
problem of glyphosate resistant weeds. In this paper, we address
the following questions: What social, political and economic forces
led to the problem of glyphosate resistant weeds? How is the so-
lution to this problem of resistant weeds being framed and by
whom? How do particular “framings and narratives” (Sumberg
et al., 2014: 2) shape governance options for new agricultural
biotechnologies?

To answer these questions, we draw on data from in-depth in-
terviews with 29 key informants from environmental advocacy
organizations, agricultural scientists and extension agents, farm
organizations, and agricultural and biotech companies. In addition,
we conducted a content analysis of websites of the key organiza-
tions involved in the GE debate in the US. Together these data are
used to examine how the problem of superweeds is being framed
by proponents and opponents of GE crops, and by agricultural
scientists, advocacy and business organizations. We explore how
efforts to frame the socio-environmental problem of glyphosate
resistant weeds at particular scales lead to particular governance
strategies and regulatory responses. We argue that both pro-
ponents and opponents of GE crops use discourses of neoliberalism
and scale as away to assign responsibility and frame the problem of
glyphosate resistance in a manner that either rationalizes or rejects
regulatory intervention.

Proponents of GE crops naturalize the problem of glyphosate
resistance, arguing that weed resistance occurs regularly in nature
and is part of the agricultural production system, which needs to be
distinguished from the advent of GE crops. They also scale down
responsibility for glyphosate resistance, focusing on individual
farmer behavior as primarily responsible for the problem (Harrison,
2006; Kurtz, 2003; van Lieshout et al., 2014). In contrast, critics of
GE crops are attempting to frame glyphosate resistance as a
structural and systemic problem where weed resistance is a prod-
uct of the input-intensive, monocultural agricultural system. While
they recognize that farmers readily embraced glyphosate and came
to rely exclusively on the chemical at the expense of a diversity of
weed management practices, they argue that in the context of
commodity agriculture and the transgene-facilitated herbicide
treadmill (McAfee, 2003), farmers had few alternatives. In their
efforts to scale up the problem and frame it as systemic, critics of GE
crops attempt to gain traction for greater political oversight and
regulation of GE crops and agricultural chemicals.

In the next section, we describe the methods used to gather and
analyze our data. This is followed by a background discussion to
situate the emergence and expansion of glyphosate resistant weeds
in the US, and the regulatory framework that exists to manage GE
crops in the US. Following that, we describe the theoretical
framework that guides our analysis of interview and content
analysis data. Drawing on our data, we illustrate how scaled dis-
courses are used both by GE proponents and opponents to frame
the problem of glyphosate resistant weeds, and to justify the
appropriate responses to the problem. In the final sections, we
discuss conclusions and implications.

2. Methods

We used a purposive sampling technique to identify organiza-
tional websites disseminating information about GE and the
growing issue of herbicide resistance and that included both critics
and supporters of GE crops. In a general web engine search we used
keywords “GMOs,3” “superweeds,” and “GMOs and herbicide
resistance” to identify organizational websites that were prominent
search engine results. Websites’ content on the initial pages of the
search engine results were explored and the website sample was
narrowed based on the following criteria: 1) the organizational
mission statement and the website content included sections
dedicated to the GE debate; 2) the organizational website took a
specific stance on GE practices in crop production (in favor or
critical of GE technology); 3) the organizations have been actively
involved in the present GE debate with content related to current
statewide and/or federal policies such as moratoriums on the
planting of GE crops or labeling of foods produced through GE; and
4) the websites contained content specifically related to herbicide
resistance and GE crops. A total of eight websites were selected for
content analysis with an equal number of websites critical of and in
favor of GE crops to provide a well-rounded analysis. The following
websites that took a critical stance on GE crops and herbicide
resistance were selected for analysis: 1) Center for Food Safety
(http://www.centerforfoodsafety.org/#); 2) Environmental Work-
ing Group (http://www.ewg.org/); 3) Food and Water Watch
(http://www.foodandwaterwatch.org/); 4) Just Label it Blog (http://
www.justlabelit.org/). Websites analyzed that took a positive
approach to GE crops were: 1) GMOAnswers (https://gmoanswers.
com/); 2) Coalition for Safe Affordable Food (http://
coalitionforsafeaffordablefood.org/); 3) Genetic Literacy Project
(https://www.geneticliteracyproject.org/); 4) Facts About GMOs.
org (https://factsaboutgmos.org/).

Websites were explored by looking through posted web
pages, articles and press releases related to GM foods, the envi-
ronment and/or specifically herbicide resistance. Analysis of
website content was conducted in November 2014, March 2015,
and September 2015, and data collected from websites spanned
from 2011 to 2015. Each website was read through first to
determine common topics discussed. Within these websites, the
three most prominent topics were related to glyphosate and
herbicide resistance, followed by a broad focus on biotechnology
and its effect on the environment, and the least frequently
mentioned topic was GM foods. Data were coded in terms of how
the organization explained the causes of the problem of glyph-
osate resistant weeds, who or what was responsible, and how
they framed solutions to this problem.

In addition, we conducted semi-structured interviews between
July 2013 and September 2015 with 29 key informants with
expertise regarding GE crops and herbicide resistance. These
included individuals, such as agricultural extension agents, as well
as representatives from organizations including farm groups, con-
sumer and environmental advocacy organizations, agriculture
(both organic and conventional) and biotech companies, and gov-
ernment regulatory agencies (see Appendix 1). The initial interview
participants were sampled purposively because of their expertise
and knowledge regarding GE crops, weeds, herbicide resistance,
human health and environmental concerns related to herbicides
and GE regulations. The remaining participants were then selected
through snowball sampling. For example, we interviewed three

3 In the public debate around labeling of GE foods the term ‘genetically modified
organisms’ (GMO) has come to dominate the public discourse rather than genetic
engineering.
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crop and weed specialists working directly with farmers who were
recommended to us because of their expertise and insights into
grower perspectives on this issue. Interviews were conducted in-
person or by telephone with each interview lasting approxi-
mately one hour. All interviews were recorded with permission of
the participants, transcribed verbatim, and coded in terms of how
informants explained the causes that led to the problem of glyph-
osate resistant weeds, who or what was responsible, and how they
framed solutions to this problem.

This paper is part of a larger, on-going project investigating
societal acceptance issues and concerns related to GE food and
agriculture. As part of this broader project, a survey of 2400
Midwest soybean farmers examining their perceptions and
management of glyphosate resistant weeds was conducted in
2016. Initial findings from this survey will be forthcoming in 2017
as an Iowa State University Extension Report. These findings will
make an important contribution to broadening our understand-
ing of farmer perspectives regarding the problem of glyphosate
weed resistance.

3. The political agronomy of glyphosate resistant weeds

Over the past decade, the number and geographic spread of
glyphosate resistant weeds in the US has increased dramatically.
According to the USDA, glyphosate resistance exists in 14 weed
species and biotypes in the US (Fernandez-Cornejo et al., 2014).
Since 2009, infestations of glyphosate resistant weeds in the US
have more than doubled and some 70 million acres of US farmland
are now affected (Koba, 2014; Neuman and Pollack, 2010). Weed
resistance has also spread to every country that has planted her-
bicide tolerant crops. In 2012, around 420 million acres of GE crops
had been planted in 28 countries, including Brazil, Argentina,
Canada, and India, and resistant weeds have been seen in all of
them (Fernandez-Cornejo et al., 2014; Service, 2007). Slowing the
rate of resistance and the spread of resistant weeds is viewed by
many agronomists and plant scientists as one of the most critical
issues facing crop producers in the US (NRC , 2010).

Underpinning glyphosate's dominance within agriculture was
the rapid adoption of GE crops (Service, 2007). According to
prominent weed scientists, resistance to herbicides did and does
occur with conventional crops. However, the commercialization of
glyphosate resistant GE crops led to the “simplification of weed-
control tactics” (Owen and Zelaya, 2005: 301) and therefore “the
selective pressure for weeds to develop resistance [was] huge” says
USDA plant physiologist Stephen Duke (Service, 2007: 1115; NAS,
2010).

GE crops were first commercialized in the US in 1996 and since
that time have become “one of the most quickly adopted farming
technologies in modern history” (Service, 2007: 1114). Herbicide
resistant crops are designed to survive the application of herbicides
that are used to kill weeds, allowing farmers to more efficiently
control pervasive weeds. By 2013, approximately half of all US
cropland (169 million acres) were GE. The primary GE crops are
soybeans, cotton and corn, with about 90 percent of the planted
acres for these crops GE (Fernandez-Cornejo et al., 2014). In 2013,
herbicide resistant varieties accounted for 93 percent of soybean
acreage, 85 percent of corn acreage, and 82 percent of cotton
acreage (Fernandez-Cornejo et al., 2014).

One of the primary reasons for the success of GE crops is their
resistance to the herbicide glyphosate. Monsanto began selling

glyphosate as a post-emergence, non-selective herbicide4 under
the trade name Roundup in 1974 and later developed the most
widespread glyphosate-resistant GE variety called Roundup Ready.
In the 1980s, soybean farmers relied on some 20 herbicides that
used a variety of mechanisms for killing weeds but came to rely
largely on glyphosate a decade later (Service, 2007). Glyphosate
resistant crops are simple and flexible to grow, which was an
important factor in their adoption (Ervin and Jussaume, 2014). In
addition, large scale adoption of glyphosate resistant crops was
facilitated by the decrease in glyphosate prices after its patent
expired in 2000 in the US, and subsequently it was produced in
lower cost countries such as China (Bonny, 2016).

Bonny (2016:39) also argues that the expansion of glyphosate
use in the 1990s in the US was facilitated by Monsanto scientists,
who assured farmers that there was almost no risk of glyphosate-
resistant weeds because of glyphosate's “unique mode of action.”
Monsanto scientists also promoted the simplicity, cost-savings and
ease of using only one herbicide in its pamphlets and promotional
materials, and encouraged farmers to use diverse formulations of
glyphosate through its farmer rewards program. Since 2001,
glyphosate has become the primary pesticide5 used in the US and
the number one herbicide sold in the world, accounting for 30% of
the total herbicide sales worldwide in 2012 (Service, 2007; Bonny,
2016).

Efforts to eradicate glyphosate resistant weeds are leading to
higher costs for farmers as well as to lower yields that are reducing
profits (Fernandez-Cornejo et al., 2014). As weed resistance grows,
farmers have been forced to apply more herbicides, including those
that are more toxic than glyphosate (Benbrook, 2012; Fernandez-
Cornejo et al., 2014). The volume of herbicide applications has
increased every year by 25 percent since the development of
resistant weeds (Gillam, 2013). Farmers are also returning to more
intensive management practices that they used before herbicide-
resistant seeds were developed. This includes plowing fields to
eradicate resistant weeds, thereby reducing the use of minimum
and no till farming (Neuman and Pollack, 2010).

3.1. Regulatory framework for GE crops

The rapid development and expansion of GE crops in the US was
also shaped by overlaps in agency jurisdiction and what some
perceive as a lax federal regulatory structure that relies on company
data and on voluntary compliance by biotech companies. GE crops
are overseen by three federal agencies as part of the Federal Co-
ordinated Framework for the Regulation of Biotechnology. These
agencies are the USDA's Animal and Plant Health Inspection Service
(APHIS), the U.S. Environmental Protection Agency (EPA) and the
U.S. Food and Drug Administration (FDA). The USDA is responsible
for determining whether to allow the sale of seeds that have been
genetically engineered. While the FDA is most concerned with the
food safety of GE food, APHIS and EPA are concerned with how GE
organisms affect other plants, the environment and human health.

Critics of the regulatory process have emphasized the lack of
transparency and oversight and that studies for approval of GE
crops commonly rely on company data rather than independent
analysis and oversight (Roff, 2007). APHIS oversees the introduc-
tion of GE organisms that may pose a risk to plant health. Before the
GE organism can be released into the environment, a developer
must submit a permit, notification or petition for its introduction. If
a developer believes that a GE organismwill not pose a plant risk, a
petition for deregulation of their GE organism can be submitted.

4 Post-emergent herbicides are designed to kill established and growing weeds.
Non-selective means that the herbicide kills all plants/weeds that it comes into
contact with except the plant that has been genetically modified to tolerate it.

5 According to the EPA's definition of a pesticide, herbicides are considered a
pesticide and both terms are used to describe herbicides.
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Many herbicide resistant corn, soybeans and cotton varieties
(including Monsanto's Roundup Ready) have achieved deregulated
status from APHIS (Philpott, 2011). In August 2015, APHIS
announced that it intended to deregulate corn and soybean plants
resistant to herbicide 2,4-D (USDA, 2015). APHIS is also now rec-
ommending best management practices (BMPs) for plantings of
herbicide-resistant crops in order to “mitigate evolution of herbi-
cide resistance” such as using multiple herbicide mechanisms and
planting weed-free crop seed (APHIS, 2014). However, these are
recommendations and there is no requirement for enforcement.

Under the Federal Insecticide, Fungicide, and Rodenticide Act,
the EPA has the authority to determine which pesticides can be
used and how they can be used. The agency is responsible for
evaluating new pesticides and their proposed uses, reviewing the
safety of pesticides, and enforcing pesticide regulations. Recent
EPA actions surrounding the approval of new pesticides to deal
with GR weeds is also telling of the relationship between federal
agencies and industry. In order to have its Enlist Duo pesticide,
an herbicide that combines two previously approved herbicides
2,4-D and glyphosate approved, Dow AgroSciences submitted
their own scientific data to the EPA. The EPA then conducted a
health risk assessment to determine the overall risks of spraying
the chemical, stating that risks were minimal (EPA, 2014;
Callahan, 2015). In 2014, the EPA approved the use of Enlist
Duo for Arkansas, Louisiana, Mississippi, Missouri, Illinois, Indi-
ana, Iowa, Ohio, South Dakota, Wisconsin, Kansas, Minnesota,
Nebraska, Oklahoma and North Dakota. However, after continued
efforts by conservation groups to block approval of Enlist Duo
culminated in a legal petition challenging EPA's approval process,
EPA asked the 9th U.S. Circuit Court of Appeals to vacate the
agency's approval of Enlist Duo from the market in November
2015, an unprecedented reversal (Callahan, 2015). EPA stated that
the synergistically toxic effects of these pesticides on vegetation
had not been adequately reported by Dow before EPA approval,
and concerns focused on the impacts on endangered species. EPA
scientists stated they would not re-evaluate human health risks,
but whether a bigger no-spray zone is needed near the edge of
farm fields. In January 2016, a federal appellate judge rejected the
EPA's request to overturn their previous approval, in a victory for
the chemical company. In February 2016, 35 members of the US
Congress sent a letter to the EPA administrator questioning EPA's
approval process as lacking adequate consideration of environ-
mental and public health effects. The appellate court overturned
the EPA's request to vacate its earlier approval, clearing the way
for Dow AgroScience's release of the pesticide for 2016 growing
season (Callahan, 2016). The synergistic relationship between the
federal agencies and biotech companies amounts to a regulatory
process that facilitates company interests over environmental
concerns.

4. Governance of ag-biotech: neoliberal and scale framings

Critical scholars have argued that this lack of regulatory over-
sight of ag-biotechnology reflects neoliberal ideology, discourses
and practices that prioritize limited state intervention and regula-
tion of business and markets (Binimelis et al., 2009; Kinchy et al.,
2008; Roff, 2008; McCarthy and Prudham, 2004; Campbell and
Pedersen, 2001; McAfee, 2003). From a neoliberal perspective,
market forces alone should determine the shape and nature of
economic development (e.g. which biotech products to develop),
and industry should largely manage itself (e.g. manage the human
safety and environmental risks associated with products). The state
should facilitate this process by promoting the development,

commercialization and uptake of new biotech products, both at
home and abroad, as well as by protecting business product
development and profits through legal protections, such as patent
laws or property rights (Roff, 2008).

Kinchy et al. (2008) argue that support for minimal state regu-
lation of ag-biotechnology has been garnered through merging the
ideology of neoliberalismwith the ideology of scientism. Scientism
is the view that public policy should be guided by scientific facts
and reasoning alone. Its strength derives from the assumption that
science is value free and capable of transcending the messy world
of interest-driven, value-based politics (Kleinman and Kinchy,
2003; Kinchy et al., 2008). Decisions regarding ag-biotech, there-
fore, should be based on a scientific assessment of risks, costs, and
benefits, together with considerations regarding whether the de-
cisions are economically expedient and rational (Kinchy et al.,
2008; Roff, 2008). Together, neoliberal and scientism discourses
are used by biotech proponents to “depoliticize ag-biotech” (Kinchy
et al., 2008: 148). That is, proponents assert that far-reaching
concerns, such as the social or environmental implications of
biotechnology for society, or what role the state should have in
regulating the industry, are not subjects for public debate.

Neoliberalism is built around strong notions of the individual,
including individual rights, responsibilities and freedoms
(McCarthy and Prudham, 2004), and the idea that decision-making
should rest with individuals rather than the state (Binimelis et al.,
2009). By taking responsibility for their own choices in the mar-
ket, individuals are able to exercise their self-interest, thereby
protecting their individual rights and liberties (Binimelis et al.,
2009). The rights of individuals are closely tied to the protection
and privileging of private property. In relation to agriculture,
neoliberalism has created “a moral economy” (McCarthy and
Prudham, 2004: 277) whereby those individuals who work the
land should have exclusive control of the land and the right to
determine how that land is used (McCarthy and Prudham, 2004;
Roff, 2008). From this perspective, farmers themselves should
have both the power and freedom to choose whether to participate
in growing GE crops and the financial benefits it can provide (Roff,
2008).

In addition to drawing on the literature that highlights the role
of neoliberalism in biotechnology discourse, we also employ the
politics of scale literature to analyze how scale is used to frame the
problem of glyphosate resistant weeds and its potential solutions
(Kurtz, 2003; Harrison, 2006; van Lieshout et al., 2014). Debates
over socio-environmental problems, including how they should be
defined, how they should be regulated and by whom, are often
channeled through representations, discourses and framing related
to scale (Harrison, 2006). Scales can be defined as “the agricultural/
spatial, temporal or administrative dimensions used to describe a
phenomenon, and levels are the different locations on a scale” (van
Lieshout et al., 2014: 2). In scale framing, actors attempt to
accomplish their goals and effect change by using scale frames to
identify particular aspects of an issue that is of concern to them “as
relevant, problematic or urgent” (van Lieshout et al., 2014). Actors
who may disagree or have conflicting goals can employ “counter-
scale” framing (Kurtz, 2003: 895) to downplay the urgency, rele-
vance, or problematicity of an issue. In using scale as a site of
contestation, different actors attempt to gain an advantage through
(re)framing and (re)positioning an issue (Harrison, 2006). Actors
strive to use scale as a way to shape public perceptions and un-
derstandings of particular issues and in doing so produce social and
environmental outcomes that serve their interests and are benefi-
cial to them (Harrison, 2006).

Scale framing has important implications for governance and
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regulatory processes and concomitant concerns regarding power
and exclusion. Social and environmental inequalities can be rein-
forced when actors use scale framing to obscure the nature of the
problem and who bears the primary risks and costs of the problem.
Actors attempt to use different scale frames to shape governance
and policy alternatives including which actors, ideas, or issues
should be included or excluded from consideration and the sources
and sites of power and responsibility, and even regulation (Kurtz,
2003; Harrison, 2006; van Lieshout et al., 2014). Within this
context, both movements and counter-movements, activists and
their opponents, attempt to situate the struggle at a scale whereby
the “political opportunity structures” appear most favorable (Kurtz,
2003: 895). For example, Harrison (2006) found that representa-
tives of regulatory agencies dismissed calls for greater oversight by
“scaling down” and framing the problem of pesticide drift as iso-
lated ‘accidents’ by individual farmers to justify a minimal regula-
tory response” (Harrison, 2006: 513). In contrast, activists engaged
in “scaling up” pesticide drift by highlighting it was a systemic and
regularly occurring problem, rather than a localized infrequent
accident. Activists also strategically reframed the problem of
pesticide drift as air pollution which expanded the affected popu-
lation beyond farmworkers to a broader public and thereby trig-
gered the need for regulatory oversight. In the sections below, we
illustrate with our data how proponents and opponents of GEs use
scale framing and neoliberal discourse to discuss the problem of
glyphosate resistant weeds, responsibility for the problem, and
how to address it.

5. Naturalizing weed resistance and scaling down the
problem

The media has adopted and helped popularize the moniker
“superweeds” in their reporting on the spread of glyphosate
resistant weeds.6 In 2009, the Journal Star of Peoria, Illinois pub-
lished an article “Attack of the Superweeds,”which reported on the
struggles by farmers to deal with herbicide resistant weeds. Pro-
ponents of GE crops typically reject this framing, arguing that the
term superweeds is scientifically misleading and inaccurate when
talking about herbicide resistant weeds. Dow AgroSciences
spokesperson Jane Stautz (2013) writes on the website GMO An-
swers: “Weeds really aren't all that ‘super.’ What they are, are
survivors.” Similarly, the Genetic Literacy Project quoting weed
scientist Andrew Kniss, stated that these weeds are not super at all
and are no different from any other weeds that had developed
resistance in the past (Kniss, 2014).

In rejecting the term superweeds, proponents of GE seek to
minimize what is new or different about the phenomena of
glyphosate resistant weeds, preferring instead to frame the
problem as natural: a routine, biological occurrence. GE pro-
ponents seek to downplay any relationship between glyphosate
resistant weeds and GE crops or monocultural agriculture,
arguing instead that resistant weeds are an inherent problem
that has always faced agriculture. As an interviewee from a farm
organization explained:

[Glyphosate resistant weeds] are a weed that has developed
some resistance through natural selection like weeds have done
for centuries and centuries. So this isn't new. Like with Atrazine,
weeds have developed resistance to Atrazine. Some weeds have
developed resistance to glyphosate now (Andrew, Director
Production Systems (GMO 101)).

Since the dawn of life on Earth, organisms have developed
resistance to deleterious compounds they were exposed to …
as throughout the history of life on Earth, the weeds evolved
resistance to the herbicide they were exposed to (Robert
Wagner, 2015; Coalition for Safe & Affordable Food).

Proponents of GE crops recognize and are concerned that
glyphosate resistant weeds pose a serious problem to farmers.
However, in explaining the rise and spread of these weeds, pro-
ponents of GE tend to scale down responsibility for the problem to
individual farmers. That is, glyphosate resistant weeds developed
because farmers “misused” the technology, used it “over and over”
and became “over-reliant” on it. In many cases, the over-reliance
and misuse of Roundup is framed in a way that portrays the tech-
nology itself (glyphosate and Roundup Ready GE crops) as so
effective that farmers would have been irrational to do anything
other than what they did.

Growers used the same game plan again and again over a period
of 15 years because they had no other weed-control option that
they saw as offering them comparable value in terms of farm
profitability and flexibility in operations (Jan Stautz, 2013; GMO
Answers).

Resistance of insects and weed resistance and plant pathogens
for that matter has been around forever. It's the misuse of these
technologies that creates the resistance. So a cost is, if you think
backwhen Roundup Ready soybeans were introduced in the late
90's, it's almost like, I hate to say it this way, but they worked
way too well. And farmers said oh, this is just perfect technol-
ogy. …. And so farmers said I've got my solutions, and they just
overused the technology (Harry; Leader Biotech Regulations,
Biotech Company (GMO 112)).

The view that farmers themselves are responsible for the
problem that now besets them is pervasive. The USDA also ar-
gues that “sole reliance” on glyphosate by growers, together with
“a reduction in the diversity of weed management practices”, are
the key reasons for the evolution of glyphosate resistance in
weeds (Fernandez-Cornejo and Osteen, 2015:2; 27). There is little
attribution of responsibility to the actors who sold or regulated
glyphosate and Roundup Ready seeds, that is, biotech companies,
seed and chemical companies, and government regulators.

While farmers may have played a central role in the spread of
glyphosate resistant weeds, it seems disingenuous to ignore the
role that other stakeholders have played, especially Monsanto.
Many natural scientists and environmentalists warned that the
“wide-spread application of glyphosate on millions of hectares”
due to the adoption of GE crops would place “enormous selection
pressure … on weed communities” and therefore the assumption
that weeds would not develop resistance was naïve (Owen, 2010:
160). Even DuPont weed scientist, Jerry Green, told Science
magazine, “From a biological perspective this is inevitable”
(Service, 2007: 1115). In fact, the first glyphosate resistant weed
was discovered in Australia in 1996, the same year that
glyphosate-resistant GE crops were commercially released
(Service, 2007). Yet, even in the wake of growing evidence that
resistance was occurring, Monsanto continued to argue that if

6 See for example: “‘Superweeds’ Sprout Farmland Controversy over GMOs”
(Koba, 2014 NBC News); “'Superweeds' emerge to challenge farmers” (Meersman,
2014; Star Tribune); “’Superweeds'” choke farms” (Eller, 2014; Des Moines Regis-
ter); “Herbicide-Resistant 'Super Weeds' Increasingly Plaguing Farmers” (Koebler,
2012; US News); “The Rise of the ‘Super Weed’ Around the World” (Molla, 2014;
Wall Street Journal); “Superweeds Are Winning The Battle Against Farmers”
(Dodrill, 2015; Inquisitr); “EPA takes on superweeds: New restrictions target
Monsanto's Roundup herbicide” (Abrams, 2015; Salon).
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the herbicide was ‘used correctly’ it was doubtful that plants
would be able to overcome their vulnerability to glyphosate and
weed resistance was unlikely to occur. For example, as late as
2007 the company published a paper7 arguing that regardless of
on-farm practices, weed resistance to glyphosate was very low.8

Without acknowledging any responsibility, the company now
recommends “that farmers use a mix of chemical products and
ploughing” (Gilbert, 2013:25).

Proponents of GE look to the market and view the development
of new chemicals and new GE products as critical to providing
farmers with new tools to deal with the problem of weed resis-
tance. If there is one major criticism of biotech, seed and chemical
companies expressed by GE proponents, it is that they have been
negligent in developing new chemicals or GE crops and are now
playing ‘catch-up.’ Yet, a major problem had been that Roundup
was “so cheap and so effective” that it made it difficult for other
companies to compete (Ezra, Agronomic Researcher, Farm Orga-
nization (GMO 129)).

[I]ndustry has to be out there pitching and we have to be
developing new products. … a lot of the crop protection com-
panies have a very short view of things and stopped paying
attention to developing new pesticides for corn and soybeans,
where we should have been working hard at it all along (Harry,
Leader Biotech Regulations, Biotech Company (GMO 112)).

Glyphosatewas the best herbicide to usewith the Roundup trait,
but now weeds are starting to develop resistance to the herbi-
cide … so companies have to ask themselves what's next? So
now instead of one gene, they are going to have to stack a
couple. For example, a Roundup Ready gene with a LibertyLink
gene (Andrew, Director, Production Systems, Farm Organization
(GMO 101)).

Nevertheless, proponents are optimistic that new bio-
technologies, such as Enlist Duo and Roundup Ready Xtend
(Monsanto's new herbicide released to combat GR weeds), are
being developed and gaining regulatory approval, which will pro-
vide farmers with additional tools to deal with the problem of
glyphosate resistance and “more options for effective weed control
than they've had in the entire history of agriculture” (Jan Stautz,
2013; GMO Answers). In late 2016, Monsanto's Roundup Ready
2Xtend soybeans is in the final stages of EPA review, and has
already been approved for import to China and the European
Union.

At the same time, proponents of GE argue that individual
farmers need to learn the lessons from the rise of glyphosate
resistant weeds and change their behavior, including integrating
Best Management Practices. On the pro-GE website, GMO Answers,
Cornell University plant pathologist, Peter Davies, wrote that the
answers to resistant weeds are “good farming practices, namely
crop rotation, changing herbicide used, and incorporating a small
percentage of non-GM seed in insect-resistant crops” (Davies,
2014). A fact sheet disseminated by the Weed Society for America
and advertised via a link on the GMO Answers website suggests
integrated weed management strategies including tillage, cultiva-
tion, hand hoeing and seed capture (2014). Harry, a Leader of
Biotech Regulations for a Biotech Company (GMO112) believes that,
while insufficient on their own, improvements in farmer education
to make them aware of the problem do have to be made. He also

suggests that IPM (integrated pest management) should be more
widely used throughout all of agriculture. One participant warned
that if farmers did not change their on-farm practices by rotating
more than one herbicide, then the problem of resistance would
keep reoccurring.

If [farmers] just start using Roundup Ready Xtend as they used
Roundup in the past, you're just gonna have resistance build up
to 2-4D or dicamba that much more quickly and then you're
gonna be in the same situation (Ezra, Agronomic Researcher,
Farm Organization (GMO 129)).

Proponents of GE did not think that greater regulatory oversight
would be effective in minimizing the problem of weed resistance in
the future. Harry, a Leader of Biotech Regulations for a Biotech
Company (GMO 112) said: “I don't think laws and regulation can
help. I think there's going to be too many unintended conse-
quences. I just have a hard time believing that would work for most
farmers, they're so independent. Every farmer says ‘well that might
work for my neighbor then but it's not going to work for me, so I'm
not going to follow that rule.’ Even by threat of some kind of pen-
alty.” In fact, for most participants, government regulations were
the key obstacle to getting new (and old) pesticides9 and biotech
products into the hands of farmers to address the problem of
resistance.

[T]he government's just delaying a lot of solutions that the
farmers have. So where it used to take a couple of years to go
through the EPA and the different groups, governmental ap-
provals, now it's five, six plus years sometimes, and so you
have a company that it could take a dozen years to get a
product to market and if you think about how many millions
and millions of dollars that takes, and in that whole time you
can't sell it, and in the end it may get scratched. So you have
all these products that you're trying to get to market, it gets
really expensive, and so the government I see as one of the
biggest problems (Ezra, Agronomic Researcher, Farm Organi-
zation (GMO 129)).

In short, then, for GE proponents, the focus remains on indi-
vidual farmer practices and behaviors. While weed resistance is
claimed to be a natural occurrence, farmers are viewed as primarily
responsible for intensifying the problem of glyphosate resistance.
In naturalizing and scaling down the problem, the solution from
this perspective is to help farmers fight this problem by making
new private-sector technologies available while encouraging them
to change their on-farm practices. Government regulations do not
work and, in fact, increased regulatory oversight has slowed the
development of biotech and chemical alternatives for farmers, ac-
cording to GE proponents.

6. Scaling up the problem: superweeds and the transgene-
facilitated herbicide treadmill

GE critics have embraced the term ‘superweeds,’ especially in
their websites and other materials aimed at the public. In 2013, Just
Label It (2013), an organization committed to GE labeling wrote:
“Attack of superweeds - a GE crop problem that must be solved: As
farmers began to use more and more Roundup, genes for glypho-
sate resistance began to spread … and the superweeds crisis was
born.” These critics use the term to capture their view that these

7 Wilson, RG et al., 2007 Weed Technology 21, 900e909.
8 Scientists were critical of the study because it used “plots so small that the

chances of resistance developing were very low, no matter what the practice”
(Gilbert, Nature, 2013:25).

9 To be clear, regulatory approval here involves approving old chemicals, such as
2,4D, for new uses.
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weeds are not the norm and present new challenges for society. For
example, for many farmers the traditional means for eradicating
weeds, such as pesticides or plowing, are no longer effective.

I forget what that weed is… that really, really nasty weed that is
so bad that the only way they can get it out of the cotton field…
[is] by taking huge machetes and cutting them down. Nothing
can get through them. They can't figure out what the heck to
spray on them to get rid of them. So now we've got poor people
… in these fields cutting down these horrendous weeds (Megan,
Marketing Executive, Organic Company (GMO114)).

I think most weed scientists bristle at the term and I think it is
ridiculous to get upset about it. On a biology side of things
they are not super, but weed is a subjective term anyway. If
you have a cropping system that is based totally on herbicides,
a weed that is immune to herbicides is pretty super in my
view (Ken, University Agronomic Researcher/Educator (GMO
126)).

In their description of the development and spread of super-
weeds, GE critics tend to scale up responsibility for the problem.
Farmers are important players who over-used glyphosate and
bear some responsibility in the creation of superweeds, but the
actions of farmers are typically contextualized in recognition that
the agricultural system provides few, if any, economically viable
alternatives for commodity farmers to the widespread use of
herbicides. Many critics suggested that overuse of glyphosate
was an essential component of the commodity agriculture sys-
tem and its unsustainability. In some cases, farmers are portrayed
more as unwitting victims of an agricultural system that neces-
sitates and encourages chemicals. For example, on their website
the Environmental Working Group wrote: “Farmers desperately
spray even more weed killer, repeating the cycle until they've
created nearly indestructible weedy monsters” (Kustin, 2014a). In
other cases, similar to proponents of GE, both GE critics and
agricultural scientists agree that in a context whereby glyphosate
and Roundup was cheap, easy to apply, and worked exceptionally
well at killing weeds, there were few incentives for farmers to do
anything differently.

If farmers wanted to not only use glyphosate, what were their
options? Therewere other herbicides, but theywould costmore,
they would have the potential for crop injury, they wouldn't
have the flexibility in timing. So even thoughwe knew it was not
sustainable, you fully understood why farmers did it (Ken,
University Agronomic Researcher/Educator (GMO 126)).

I mean it's economics. It's hard to spend money to address a
problem you don't have. If I can control those weeds now, why
do I want to do something different and spend more money in
anticipation of a problem? This system was easy, it worked. So
we used it until it died (Chad, University Agronomic Researcher/
Educator (GMO 127)).

However, in contrast to proponents, GE critics, together with
some weed scientists and extension agents, sought to assign more
blame for the problem on ag-biotech companies, especially Mon-
santo, for the rapid spread of weeds. On their website, the Envi-
ronmental Working Group argues that the “agrichemical industry's
promise that genetically engineered crops would reduce pesticide
use has been broken … Monsanto's Roundup requires ever more
glyphosate in order to kill the ‘superweeds’ that evolved as a result
of overuse of Roundup” (Kustin, 2014b). A major criticism, espe-
cially from university agronomists and extension agents, and

articulated in our interviews, was that farmers were told repeatedly
by Roundup developers and vendors that resistance could not
happen.

[W]ewere told over and over and over byMonsanto and some of
theweed scientists that there's no glyphosate resistant weeds in
the world (Chad, University agronomic researcher/educator
(GMO 127)).

I think that the industry bears a good bit more responsibility for
this problem than is often acknowledged in discussions of it.
Monsanto had placed ads in farm press publications in
2003e2004 and in these ads they were telling farmers they
could rely completely on glyphosate to control weeds with
Roundup Ready crops, and went so far as to say that there was
no benefit to rotating glyphosate. And specifically saying you
won't get resistant weeds by relying completely on glyphosate10

(Sam, Policy Analyst, Food and Environmental Organization
(GMO128)).

Critics also attributed the spread of glyphosate resistance to
inadequate regulatory oversight of both GE crops and pesticides.
They argued that the USDA and EPA ignored many of the con-
cerns that were raised by scientists and environmental organi-
zations and subsequently failed to adequately pre-empt
environmental problems, such as weed resistance. As stated by
the GMO critics:

All of the issues about weed resistance were raised at the very
beginning [when Roundup was first introduced], we were all
assured that it was going to be managed and that [weed resis-
tance] was not going to happen. Here we are now and we're
been told the same thing about 2,4-D (Christopher, Vice Presi-
dent, Environmental Organization (GMO 111)).

[Weed resistance] was a concern from the beginning and we
reiterated that to countless federal agencies, particularly the
USDA as well as the EPA. But in its role as lead regulator the
USDA was failing to adequately assess the environmental im-
pacts that would arise from resistant weed populations (Nick,
Director Government Relations, Food and Environmental Orga-
nization (GMO 102)).

Some GE critics have sought to directly link the problem of
superweeds with GE crops in an effort to mobilize public opposi-
tion to GE or build support for GE labeling. This is evident from the
quote above from the website of the organization Just Label It.
However, our interviews revealed that most critics stop short of
blaming GE crops exclusively for the problem of superweeds. Par-
ticipants believed that the development of GE crops contributed to
the problem because it allowed for the intensive and extensive use
of glyphosate. However, critics, together with university agrono-
mists and extension agents, sought to contextualize the problem of
superweeds within a broader critique of productionist agriculture;
a system built on and dependent upon the intensive use of pesti-
cides. From this perspective, glyphosate resistant weeds are neither
natural nor inevitable but rather a systemic problem that was both
foreseen and avoidable.

10 For more information on Monsanto's misleading advertising claims regarding
glyphosate, please refer to Gilbert (2013) as well as Bob Hartzler's (Extension Weed
Management Specialist, Department of Agronomy, Iowa State University) websites:
“Herbicide Ad ‘Hall of Shame’” (http://www.weeds.iastate.edu/weednews/
adhallofshame.htm) and “What, Me Worry?” (http://www.weeds.iastate.edu/
mgmt/2003/monad.shtml).
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The fact that GMOs reinforce these big monoculture systems is
really part of the problem and the fact they reinforced corporate
control of the system is a big problem. … I think for us we put it
in the bigger picture, it's not just GMOs. Like you can switch
away from GMOs and still be using a lot of pesticides and
atrazine and whatever (Paul, Vice President, Agriculture and
Environmental Organization (GMO 116)).

In general, you could say that chemical agriculture is responsible
for [glyphosate resistant weeds]. … I think monoculture is
another aspect of it. It allows a particular distinct type of agri-
culture to be repeated season after season after season on
particular plots of land. It also encourages the development of
those superweeds. So, monoculture and chemical agriculture
combined (Frank, Director Research, Food and Environmental
Organization (GMO 113)).

Weed resistance then is tied to a particular form of agricultural
production that is based onmonocultural production of commodity
corn and soybeans in the Midwest and cotton in the South
dependent on chemical inputs. Critics used the concept of the
‘treadmill’ or ‘chemical treadmill’ to highlight the relationship they
see between pesticides and industrial agriculture (McAfee, 2003).
GE is viewed as a technology that helps to maintain this system of
agriculture, what Mortensen et al. (2012) call the “transgene-
facilitated herbicide treadmill.” For these critics, regulatory
approval of new GE crops, such as Enlist Duo, which rely on older
herbicides, such as 2e4 D and dicamba, will simply perpetuate the
“pesticide arms race” and “chemical treadmill” (Mitchell, 2014;
Batcha, 2014).

People … smarter than us have been warning for a long time
that this is what is going to happen with the chemical
treadmill when you push one chemical this hard, when
Roundup becomes so ubiquitous. Guess what's going to
happen to the usefulness of Roundup? And now here we are
and we're in the making for 2,4-D ready, dicamba ready, and
nobody seems to argue that these are tougher, more worri-
some chemicals than Roundup... It's kind of escalating to those
other chemicals (Laurel, Director, Food and Environmental
Organization (GMO 103)).

I hate saying this but with the chemistry and the systems we
have in place now [farmers are] going to have to use more
pesticides…we don't have a better answer at this point because
our whole system is set up for corn and soybeans. [To deal with
weed resistance] we are telling guys to put more, more, more,
more on (Chad, University Agronomic Researcher/Educator
(GMO 127)).

Several participants who work with farmers expressed concern
that farmers had embraced the notion of the treadmill, trusting that
the biotech industry would be able to solve the problem of glyph-
osate resistance through the development of new biotech products
or chemistries. Dentzman et al. (2016) also found from their focus
group research that many farmers in the Midwest and in the South
remain techno-optimists, certain that a new product will emerge to
solve glyphosate resistance. Our interviewees expressed concern
that these new GE products do not offer a long term, sustainable
solution to the problem of weed resistance.

Sadly, I still don't think [farmers] get it … a lot of farmers' atti-
tude is companies or universities are just gonna come up with

the next solution and I'm just waiting for that. And so the next
thing coming on themarket for herbicides is your GMO traits for
dicamba and 2-4D.… And so a lot of farmers are thinking ‘Yeah,
great, we've got new tools' but they're not new chemistries. ….
It's not something new that theweeds haven't seen before (Ezra,
Agronomic Researcher, Farm Organization (GMO 129)).

A lot of [farmers] think that the next big thing is dicamba-
resistant soybeans, they think that's going to come to the
rescue. I don't think they've quite come to grips with the fact
that we used dicamba for thirty years or whatever. … And their
perception is that it’s going to come in and save the day. That's
not going to happen (Chad, University Agronomic Researcher/
Educator (GMO 127)).

Within this context of the treadmill, many dbut not alld
anti-GE critics argue that more regulatory oversight of GE crops
is necessary. One argument in favor of increased regulatory
oversight is that the approval of Enlist Duo and Roundup Xtend
will lead to significant increases in 2,4-D and dicamba applica-
tions. Both pesticides are widely viewed as more toxic than
glyphosate with many potential health and safety effects for
humans and the environment still unknown. Jessica, a govern-
ment relations representative for a farm organization (GMO 108)
and a neutral party in regards to GE, agreed that her organization
would be supportive of stricter oversight because it would assure
people that the products truly are safe for humans, animals, and
the environment. Part of the call for stricter regulatory oversight
was linked to a perception that farmers had failed to demon-
strate that they would voluntarily follow best management
practices in using pesticides.

We need to make them do it. We wrote language in for Bt corn:
“you will do this.” You make them do it. You make them be
accountable. I am not a big regulation guy but sometimes
enough is enough. We have proven that we are really bad at
using our tools that work and sustaining them. But if we abuse
them we will lose them (Chad, University Agronomic
Researcher/Educator (GMO 127)).

However, not all participants who were critical of the treadmill
were in favor of regulation.

I am all for regulation but I don't see how you can regulate
resistance management just because it is such a site specific
situation and I hate to think that a farmer would have to get a
quote “prescription” to do something. Because that obviously
has not worked with antibiotics since antibiotics needs a pre-
scription (Ken, University Agronomic Researcher/Educator
(GMO 126)).

Since some opponents of GE view monoculture farming dnot
GEdas the fundamental problem, they tend to argue that any
serious effort to address herbicide resistant weeds will require a
shift towards a more sustainable, agroecological system of
farming that is less dependent on chemicals. Bill Freese, science
policy analyst at the Center for Food Safety stated that the “only
way out of this chemical arms race with weeds is a major
commitment to non-chemical weed management techniques”
(Center for Food Safety, 2012). Frank, a Director of Research for a
Food and Environmental Organization (GMO 113), explained that
moving towards a system that has a “deeper appreciation of the
role of soil and diversity and sustainability” would be the best
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way to deal with environmental problems such as herbicide
resistance. Another critic noted “The monoculture system is
incredibly harmful …. For us it's not a switch from GE, for us it
will be a switch to different agro-ecological systems that need to
be more diverse (Paul, Vice President, Agriculture and Environ-
mental Organization (GMO 116)).

In sum, some GE critics frame the problem of superweeds as
related to a broader suite of problems linked to the dominant
monocultural system in conventional agriculture. By invoking
terms like superweeds and pesticide treadmill, these problems
are scaled up, that is framed as systemic and potentially quite
dangerous for the agricultural system if left unchecked. These
framings lead to solutions then that are also broader, more sys-
temic, and linked to changes in the agricultural paradigm to
support more sustainable production systemsdcalls for more
regulatory oversight and for overhauls of the conventional agri-
culture system's reliance on pesticides.

7. Discussion and conclusion

In the current context, farmers are compelled to implement
more environmentally harmful on-farm practices to kill resistant
weeds, such as increased tillage and the use of more toxic herbi-
cides. This development undermines a key narrative justifying GE:
that GE crops are necessary and valuable because they provide
economic benefits to farmers and environmental benefits to soci-
ety. Social movement opposition to GE and public debate over
glyphosate as a potential human carcinogen have also been
instrumental in undermining the justifications for GE agriculture.

Within this context, our study found broad agreement among
both proponents and opponents of GE dfrom farm and biotech
industry groups, consumer and environmental organizations, to
agronomists and government regulatorsd that glyphosate resis-
tant weeds are a significant problem that must be addressed. This is
largely where the agreement ends, however. Important differences
between these actors are demonstrated in terms of how the
problem is framed, at what scale, and who or what is responsible.
How glyphosate resistant weeds themselves get defined, as
superweeds or survivors, and whether their spread is framed as the
result of individual negligence or a failed agrifood production sys-
tem, has direct implications in terms of the kinds of governance and
regulatory responses that are advocated for resolving the problem.

Proponents of GE crops draw on discourses and frames of scale
and neoliberalism to both naturalize the problem of glyphosate
resistance and scale down how the problem should be perceived
and addressed. Here, weed resistance is a naturally occurring
phenomenon across all agricultural systems. However, the ‘overuse’
of Roundup Ready by individual farmers led to the rapid and
extensive spread of glyphosate resistance while institutional or
structural agents related to government, industry or the agrifood
system are largely absolved of any responsibility. From this
perspective, the solution is to develop new market based techno-
scientific strategies, especially new biotech crops. At the same
time, there is also agreement that farmers need to be educated on
how to change their attitudes, behavior and practices to avoid
reproducing this problem in the future and to demonstrate better
“glyphosate stewardship” (Bonny, 2016). The role of government is
to aid this process by loosening rather than tightening government
oversight that can facilitate regulatory approval of new biotech
crops and pesticides for farmers.

In contrast, critics of GE crops and pesticides have scaled up the
problem of superweeds and emphasize that this is a human-

induced, systemic problem related to the dominant commodity
agricultural paradigm rather than a natural phenomenon. The
fundamental cause of superweeds is not the actions of individual
farmers but rather an agro-industrial model of agriculture that is
inherently dependent on the over-reliance and overuse of chemical
inputs. Roundup Ready GE crops reliant on glyphosate deepened
this dependence. With government oversight of Roundup Ready's
adoption largely verboten, the widespread adoption of this tech-
nology placed unprecedented pressure on weeds, creating an ideal
environment under which resistant weeds could quickly develop.
With recent regulatory approval of Enlist Duo, the pesticide
treadmill has evolved into the transgene-facilitated herbicide
treadmill compelling farmers to adopt the next new chemically-
dependent biotech product. From this perspective, superweeds
are a symptom of both a failed model of agriculture and a failed
system of regulatory oversight. In general, most critics of GE argue
that the long-term solution must be a systems approach, that is, a
sustainable agro-ecological model. In the meantime, however, GE
opponents also argue the government should impose binding
federal regulations that can address the direct and indirect harms
from GE crops, including herbicide-resistant weeds and the
increased use of herbicides.

In sum, we show that the politics of scale is central to the
contestation over the problem of, and solution to, glyphosate
resistant weeds. As Harrison (2006) illustrates, when environ-
mental problems are ‘scaled up’ to show how they impact a larger
constituency, such as linking the effects of pesticide drift on farm
workers to a larger problem of air pollution, there are greater
possibilities for pushing for government intervention and regula-
tion. This is especially important for addressing cases of environ-
mental injustice, where environmental problems intersect with,
and are exacerbated by, issues of inequality (Harrison, 2006;
Harrison 2011; Kurtz, 2003). In our case, scale has been powerfully
used by both sides as a framing device to explainwho is responsible
for the problem, how the problem should be addressed and by
whom. Perhaps the recent release of evidence of the link between
glyphosate and cancer will bring increased attention to the health
and environmental impacts of the pesticide treadmill that is
fundamental to GE agriculture. Moreover, increased social move-
ment mobilization around GE agriculture that led to passage of
federal GMO labeling legislation in the US in 2016 may portend a
reassessment of social and environmental implications of GE agri-
culture. Linking the problem of glyphosate resistant weeds to
increasing consumer concerns over impacts of pesticides and GE in
food may coalesce a larger public to demand more effective regu-
latory oversight for the biotech industry overall.
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